INTRODUCTION
============

With advancing age, the concentration of collagen with elastic fibers and repair process of connective tissue are decreased, especially in hydration of skin. Because of its hydrophilic nature, hyaluronic acid (HA) serves a biological role in creation of volume and lubrication of intracellular structure. In addition, concentration of HA in skin decreases with aging. As a result, elasticity and ability to hold water in skin are decreased, leading to decreased volume of dermis, and increased tendency of wrinkle and skin laxity formation on particularly facial skin; these factors can have a negative psychosocial impact. Due to little burden and rapid recovery, a number of patients have recently preferred minimally or non-invasive procedures such as filler injection. HA filler has been used for improvement of facial wrinkles. Recently, by injection of HA filler into intradermal layers, people have been interested in improvement of skin texture, not improvement of deep wrinkles and volume deficiency, which was an issue in the past. To date, only a few studies have reported on the facial rejuvenating effects of HA filler. In this study, the author described a skin texture improvement using hydrofilling of Restylane Vital.

METHODS
=======

This study was a single-center, prospective study. A total of 30 female patients with dry and tired skin on face were enrolled in the study. The age range of patients was from 27 to 60 years. All patients provided written, informed consent. Patients were excluded if they were pregnant or breast feeding, if they had active skin disease (such as infection, eczema, various dermatitis, etc.), or if they had a known hypersensitivity to HA, autoimmune disease, or skin cancer. In addition, patients who had been treated with other skin rejuvenation procedures, such as peeling, botulinum toxin, other filler, or laser therapy and had undergone facial surgery within the previous 12 months were excluded. 5% lidocaine ointment was applied to the entire facial area at least 30 minutes before treatment. After wiping off the lidocaine with gauze, acetone was used to completely wipe it off. Using an automatic intradermal injector, 2 mL of Restylane Vital (Q-Med, Uppsala, Sweden) mixed with 3 mL of normal saline and 1 mL of 2% lidocaine was injected into the whole face per treatment session (approximately 100 point×0.02 mL injection of Restylane Vital per session). No additional procedures were performed simultaneously. Multiple injections were administered in intradermal layer using AQUAGENT (M\'CURE, Wonju, Korea). We use AQUAGENT for precise injection to intradermal layer in small amount of HA filler. Eligible patients received injection of HA into whole face from forehead to chin in three sessions at intervals of four weeks. In order to minimize the risk of complication, such as hematoma, the injection site was gently compressed, and cooled with an ice pack for several minutes after procedures.

A photograph of the patient\'s face was taken before each treatment session and 6 months after last treatment session. In order to standardize the quality of photographs, standard lightening and views were used with a Nikon D80 SLR digital camera with a flash unit installed within the camera. All images were taken by the same photographer.

Patients were also asked about their thoughts regarding aesthetic satisfaction using questionnaire survey after 6 months of last procedure. The grade of satisfaction was checked from point 1 to 5 (point 1, very unsatisfied; point 2, unsatisfied; point 3, ok; point 4, satisfied; point 5, very satisfied). Four questions were \"Do you think this procedure was effective?\", \"How long last the effect of this procedure?\", \"Would you like to undergo this procedure again?\", and \"Would you be willing to recommend this procedure to acquaintances (friends)?\"

Three plastic surgeons performed scoring according to a 5-point scale for each patient in five subjects (Improvement of skin surface roughness, fine wrinkles, moisture, brightness and elasticity). The collected data was statistically measured by mean value and standard deviation (SD). Statistical significance testing used one sample t-test and one way ANOVA, using IBM SPSS ver. 19.0 (IBM Co., Armonk, NY, USA). The Scheffe method was used in analysis of the results of multiple comparisons. P-value of less than 0.05 was considered to indicate statistical significance.

Moisture, oil, and elasticity meter (Triple sense, Moritex Co., Saitama, Japan) were measured before performance of the first procedure and the last procedure. In the dressing room condition, constant temperature and humidity were maintained for accurate measurement of skin condition. After cleansing of the face, oil, moisture, and elasticity meter were measured. In order to reduce measurement errors, patients\' cheeks were measured on both sides two times, and the average value was used. The collected data were measured statistically by mean value and SD. Statistical significance testing used paired samples t-test, using IBM SPSS ver. 19.0.

RESULTS
=======

Of 30 patients, all patients completed the treatment session. The mean age of patients was 46.4 years. No serious adverse events occurred during the course of treatment. Three patients experienced temporary, mild erythema after treatment, which subsided one week later and healed without any sequelae. Two patients had transient, mild hematomas after treatment.

Patient satisfaction was evaluated using four questions. Question 1: Do you think this procedure was effective? Approximately 28 patients (94%) scored above 3 points, and 23 patients (77%) scored above 4 points. The majority (77%) of patients rated the therapeutic success as \"very satisfied\" or \"satisfied\". Only two patient stated that outcome was \"unsatisfied\" ([Fig. 1](#F1){ref-type="fig"}).

Question 2: How long last the effect of this procedure? Twenty patients (66%) responded that the effects of this procedure persisted for longer than 4 months ([Fig. 2](#F2){ref-type="fig"}).

Question 3: Do you want to undergo this procedure again? Twenty-two patients (77%) answered \"Yes\".

Question 4: Would you be willing to recommend this procedure to acquaintances (friends)? Twenty-two patients (77%) answered \"yes\".

As a result of comparison of five subjects regarding evaluation of doctors, improvement of five subjects was changed significantly (P\<0.05). And improvement of brightness showed the highest score and follow by improvement of skin surface roughness and elasticity ([Table 1](#T1){ref-type="table"}). There were no significant differences by evaluator, thus the doctors were objective in score assignment ([Table 2](#T2){ref-type="table"}). Scores for improvement scores of brightness, skin surface roughness and elasticity were significantly higher than those for improvement of fine wrinkle and moisture ([Table 3](#T3){ref-type="table"}). The evaluations showed statistically significant changes in moisture, oil and elasticity improvement (P\<0.05). Elasticity was the most improved and followed by moisture and oil ([Table 4](#T4){ref-type="table"}).

Case 1: a 35-year-old female patient was injected at whole face in three sessions at intervals of four weeks. We found that she showed improvement of brightness, skin surface roughness and elasticity (4 point, 4 point, 4 point; average value). In addition, she was satisfied with the results of this treatment in improvement of skin surface roughness and brightness (4 point; satisfied) ([Fig. 3](#F3){ref-type="fig"}).

Case 2: a 60-year-old female patient was injected at whole face in three sessions at intervals of four weeks. We also found that she showed improvement of brightness, skin surface roughness and elasticity (4.33 point, 4 point, 4 point; average value), and she was satisfied with the results of this treatment in improvement of skin surface, brightness and fine wrinkles (4 point; satisfied) ([Fig. 4](#F4){ref-type="fig"}).

DISCUSSION
==========

Concentration of HA in skin decreases with aging. As a result, ability to hold water and elasticity also decrease. Therefore, volume in skin decreases, and tendency of wrinkle formation in skin shows a gradual increase. In addition, there are other major extrinsic factors that affect skin aging \[[@B1],[@B2],[@B3]\]. Approximately 80% of facial skin aging occurs through ultraviolet (UV)-exposure. Initially, UV radiation causes damage to skin, and induces a wound healing response, leading to an increase in dermal HA. However, repeated and extensive exposure to UV radiation ultimately causes a decrease in dermal HA and typical wound healing response is stimulated, resulting in formation of scar-like tissue, which has low pliability \[[@B1],[@B4]\]. Thus, many people are interested in procedures for rejuvenation of the aged appearance. Because HA is identical chemically and molecularly in tissue of all mammals, there is species-nonspecificity \[[@B5]\]. In 2003, Restylane gel (Q-Med, Uppsala, Sweden) was approved by the Food and Drug Administration for treatment of moderate to severe facial wrinkles and it is used in more than 60 countries \[[@B6]\]. Since its approval, HA has accounted for 85% of whole filler for facial rejuvenation \[[@B5],[@B7]\]. Approval of these HA products is a significant development in facial aesthetic procedures.

HA filler has been used for improvement of deep wrinkle and facial contour. It is one of the most popular procedures all over the world. This procedure is performed through injection of a certain amount of HA filler into the subdermal layer.

Recently, by injection of HA filler into the intradermal layers, not subdermal layers, in which shows better volume effects, there has been interest in skin rejuvenation. Intradermal injections of HA play a role as a dermal reservoir of hydration, by drawing water into extracellular matrix in dermis, resulting in hydration in dermis and improvement of skin surface roughness and fine wrinkles ([Fig. 5](#F5){ref-type="fig"}) \[[@B8]\].

A recent study reported that intradermal injection of NASHA (Restylane Vital, Q-Med, Uppsala, Sweden) can promote collagen production. Compared to the control group, accumulation of collagen was observed in the area of the surrounding filler. Another study demonstrated that injection of small quantities of NASHA over large areas of the dermis resulted in improved elasticity and rough skin surface \[[@B9],[@B10]\]. We study the clinical effects of intradermal injection of HA, which has been reported in very few cases.

To evaluate the effects of the procedure, we asked patients to complete a questionnaire consisting of four questions after 6 months of last procedure. In addition, three plastic surgeons selected five subjects for evaluation of improvement of skin texture (improvement of skin surface roughness, fine wrinkles, moisture, brightness and elasticity), and the average value of outcomes was then calculated.

In this study, the majority of patients (77%) were satisfied with the therapeutic outcomes. Approximately 66% of patients responded that the effects of this procedure persisted for longer than four months, and the majority of patients (77%) wanted to undergo this procedure again and would recommend this procedure to acquaintances. Regarding doctor\'s evaluation, we found that improvement of brightness showed the highest score for satisfaction. And scores for improvement of brightness, skin surface roughness and elasticity was significantly higher than those for improvement of fine wrinkle and moisture.

For more objective evaluation, moisture, oil, and elasticity were measured before the procedure and before the last treatment session in 10 patients. Results of the evaluations showed statistically significant changes in moisture, oil, and elasticity improvement (P\<0.05). Elasticity showed the most improvement, followed by moisture and oil.

In this trial, we used an automatic injector for precise injection of HA filler into the intradermal layer. AQUAGENT is an injection system that shortened down time by simultaneous use of the needling stamp system and multi-pin medical liquid injection. This system can be used for control of even tiny layers of skin by precise needling and high speed injection. Few side effects have been reported. We can use a freely available needling type (one-pin needle, five-pin needle, catheter needle). A vertical or horizontal procedure is also available in accordance with facial shape and curve. It can be used in the obesity clinic, pigmentation clinic, wrinkle clinic, and scalp clinic. Using this system, no serious adverse events occurred during the course of treatment.

Most side effects of intradermal injections of Restylane Vital are mild and transient and include pain and intermittent swelling, edema, erythema, and ecchymosis at the injection site \[[@B6]\]. Technique-related side effect is from irregular facial contour and lasting beading caused by superficial injection of filler to skin necrosis caused by vascular occlusion \[[@B5]\]. Foreign body granuloma caused by HA injection has been reported in another study \[[@B11]\].

No serious adverse events occurred during the course of treatment, and none of the patients withdrew from the study due to adverse effects. Three patients experienced temporary, mild erythema after treatment (lasting approximately one week). Two patients developed transient, mild hematomas after treatment.

Findings of this study demonstrate that intradermal injection of Restylane Vital is a useful rejuvenation procedure, which can contribute to happiness and confidence of patients. However, conduct of larger group studies will be needed for further evaluation of safety, effectiveness, and reliability of this procedure.

No potential conflict of interest relevant to this article was reported.

![Result of question 1 in four questions\
The result for satisfaction in 30 patients is shown with the question \"Do you think this procedure was effective?\" Twenty eight patients (94%) scored above 3 points, and 23 patients (77%) scored above 4 points.](aps-42-282-g001){#F1}

![Result of question 2 in four questions\
The result for satisfaction in 30 patients is shown with the question \"How long last the effect of this procedure?\" Twenty patients (66%) responded that the effects of this procedure persisted for longer than four months.](aps-42-282-g002){#F2}

![Case 1: 35-year-old female patient\
(A) Photograph before treatment. (B) Photograph at 6 months after last treatment session.](aps-42-282-g003){#F3}

![Case 2: 60-year-old female patient\
(A) Photograph before treatment. (B) Photograph at 6 months after last treatment session.](aps-42-282-g004){#F4}

![Schematic effect of hyaluronic acid in skin\
(A) Dry and tired skin. (B) Hyaluronic acid gels are added, acting as a dermal reservoir of hydration. (C) Hydrobalance of skin is restored. Hydrated and healthy skin results in improvement of skin surface roughness and facial wrinkles.](aps-42-282-g005){#F5}

###### Clinical scoring of five subjects

![](aps-42-282-i001)

Evaluation by three plastic surgeons showed statistically significant changes in improvement of skin surface roughness, fine wrinkles, moisture, brightness and elasticity (P\<0.05).

^a)^Statistically significant with P\<0.05.

###### Comparison of clinical scoring of 3 plastic surgeons

![](aps-42-282-i002)

Scores did not differ significantly among doctors (improvement of skin surface roughness, fine wrinkles, moisture, brightness and elasticity). Thus the surgeons were objective in evaluation.

^a)^Statistically significant with P\<0.05.

###### Comparison of 5 subjective evaluated by 3 plastic surgeons

![](aps-42-282-i003)

^a)^Statistically significant with P\<0.05; ^b)^Multiple comparison was conducted with Scheffe method. Improvement of skin surface roughness, brightness and elasticity were significantly higher than improvement of fine wrinkles and moisture.

###### Objective scoring of moisture, oil and elasticity

![](aps-42-282-i004)

Evaluation showed statistically significant changes in moisture, oil and elasticity improvement in ten patients injected HA filler (P\<0.05).

^a)^Statistically significant with P\<0.05.
